IntroductIon
Non-participant direct observation of healthcare processes offers a rich method for understanding safety and performance improvement. As a prospective method for error prediction and modelling, observation can capture a broad range of performance issues that can be related to higher aspects of the system. [1] [2] [3] [4] [5] It can help identify underlying and recurrent problems 6 that may be antecedents to more serious situations. 7 It is also a way to understand the complexity of healthcare work that might otherwise be poorly understood or ignored, 8 9 how workarounds influence work practices and safety, 10 and is of fundamental importance to practitioners wishing to understand resilience in the face of conflicting workplace pressures. 11 12 In some cases it will lead to the direct observation of nearmisses or precursor events that might otherwise not be reported, 13 14 while in others the observation process may lead to, or be a specific part of, improvement methodologies. 15 Observation allows us to move from 'work as imagined ' [16] [17] [18] This also creates a set of unique technical challenges, from the initial question of what should be observed, the role of the observer, supporting the observer in data collection and protecting human subjects, to the non-linear relationships between outcomes, accidents and their deeper systemic causes. The design of observation studies within a clinical context requires a range of trade-offs that need to be carefully considered, yet little has been formalised about how those decisions are made.
This viewpoint paper considers those design parameters and their impact on reliability, results and outcomes, and is specifically focused on researchers and quality improvement specialists seeking to design and conduct their own quantitative observational work, particularly, but not exclusively, in acute settings. Carthey's 19 considerations of observer skills, derived from influential work on the quantification of process 14 and behaviours 20 in relation to outcomes in surgery, served as the starting point for our own work. Here, we attempt to consider wider interactions between the study design, observation methodologies, and the relationship between observer and observed, overall seeking to demonstrate the necessarily adaptive, and unavoidably qualitative, nature of this type of research as it develops.
Study deSIgn

General methodology
Despite the strength and appropriateness of qualitative methods, there are many reasons to seek quantification of behaviours, processes and other system qualities. Quantitative data are amenable to prioritisation; outcomes, measurements and comparisons; cost/benefit considerations; statistical modelling; or simply to publish in journals and to reach audiences that traditionally hold quantification in higher scientific regard than qualitative results. Although the application of a unidimensional measure to multidimensional phenomena can be simplistic and potentially misleading, quantification through the systematisation of measurements seems to allow purer objective evaluation of theories, engineering of systems, assessment of interventions, balancing of limited resources, and Viewpoint accessible, influential, falsifiable results. It is not our aim to rehearse further the advantages of qualitative or quantitative designs, or the codependence of observation and intervention, but note that it is understandable there is much motivation, especially at the outset of a project, to be focused on the quantification on a small number of dimensions or 'outcomes'. In the next sections, we illustrate why such designs are likely to drift to multiple dimensions, or, indeed, to qualities rather than quantities.
Purpose of study
The purpose of the study defines early goals and constraints that may need to be reconsidered as the study progresses. Studies that seek to quantify the frequency of specific events can quickly reveal unexpected complexities. Broader systems analysis studies-exploring what we 'don't know that we don't know'-require less specificity and an adaptive data collection method that, from the outset, is likely to be at least partly qualitative in nature. Intervention evaluation studies require sufficient rigour to be repeatable, which in turn requires specific quantification, tight definition and more focus, which ultimately means that qualities will be lost from the rest of the data. 21 For studies that use the same observational measures as part of the improvement, 15 22 observations (and observers) become codependent with outcomes, which can create challenges for repeatability, and spread. It is not unusual to set out to explore one phenomenon (eg, training reduces errors) and through observation find that another provides more insight (eg, errors are unchanged but efficiency improves). Thus, it is often necessary to adapt study goals and methods to address observational discoveries, while avoiding adaptations that undermine the original purpose. The next sections explore in more detail why these adaptations are likely.
Focus of study
Clinical processes can be opaque and socially situated, with uncertain goals that may be conflicting and sometimes impossible to achieve, and may not have been engineered with specific tolerances. 23 24 It is tempting to think that books, guidelines, regulations or best practices might define a reasonable observational template. However, study designs that precisely define the ideal process from this 'work as imagined' frame of reference may not reflect the complexity of the work that is done and fail to represent critical performance mediators. What might be seen as 'poor' or highly variable performance may have no relationship with outcome, while a process that is measured as being highly reliable may not always reflect safe and appropriate conduct of care. Medical practice varies with country, site, unit, specialty and profession. Often there are disagreeing policies, differing processes, heated debates among professional groups about what is 'right' and equivocal evidence of effects on patient outcomes. Mask wearing in surgery (nationality, specialty and professionally dependent) or 'no sleeves, watches and ties' policies (nationality dependent) for infection control are examples of geographically and socially situated practices. Any basis for a structured data collection may simply be socially constructed, with deviations from this template seen as socially undesirable, even though they may not necessarily be clinically undesirable (and possibly, the opposite). Measures designed only with local knowledge may reflect deviations from national guidelines or accepted practice (and often deviate from the best evidence), while other variations may simply reflect reasonable and necessary adaptations.
Rules, protocols and best practices cannot reasonably account for all eventualities, nor are all unequivocally evidence-based, and there is often no direct relationship with harm. There are often multiple ways to complete the same tasks, no recognised 'best way' to do so, with legitimate reasons for variation between providers. Attempts to apply deterministic models of measurement to stochastic healthcare processes may not capture the variability required to deliver patient care. Any attempt to measure only a small number of items is unlikely to address the full complexity of work, and thus may misrepresent reliability, causation or behaviours. In some situations, it may encourage the shaping of behaviour towards a norm artificially constructed by the research. 25 Ideally, the relationships between observable events, safety-critical situations and outcomes would be empirically established. In practice, however, there are few observable events that are clearly identifiable, clearly measurable, have a clear effect on an outcome and that occur sufficiently frequently with enough variability. Observations must rely on defining and categorising surrogate measures of safety and performance, the identification and validation of which is a complete area of research in and of itself.
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Study drift
One consequence of this uncertainty over what to measure and how to measure it (and the consequent fear of finding nothing) is that studies drift from 'thin' designs, which focus on one measure with a clearly defined collection method, towards 'thick' designs, which attempt to measure a collection of variables or concepts that initial observations reveal to be important. The focus on one specific, well-defined measure, with the exclusion of others, runs a risk of generating data with little variation or of little meaning. Thicker, qualitative or semiqualitative approaches provide an opportunity to explore the deeper meaning of the data collected, allow further study, classification and subcategorisation, and complement numerical results. They also ensure that researchers will eventually derive something that will enhance understanding of systems Viewpoint design and intervention, rather than simply a numerical value representing a dimension of interest.
The study design and measurement paradoxes therefore are that when we seek to measure something specific in a complex healthcare system, we initially base our measure on 'work as imagined', and it is only in performing the study that we recognise that 'work as done' might differ in important ways. An insufficiently sophisticated model of the work system using simplistic measurement methods and ideal system states may appear to detect negative deviations in quality, reliability or successful system function that instead reflect positive deviations necessary for individualised care. Moving towards a 'thicker' design that encompasses a more realistic view of the real work environment might substantially change the course of a study, and invalidate previous data, and possibly the entire research question. This necessarily iterative process of developing the design, measurement and analysis of a direct observation study is usually omitted from research discussions, plans or manuscripts. Thus, researchers are not able to learn from others' experiences and must experience adaptability and drift in their own research questions.
obServatIonal methodology
Since most healthcare work is not wholly predictable, we rely on observers to make necessary evaluative judgements, record their findings and participate in the analysis. In the process of developing the methodology, the observer becomes the instrument of detection, adapting their observations based on the perceived purpose of the study, the observability and frequency of events, and their experience. 19 31-34 The following are the general processes of observation: (1) an event or events of interest need to occur in the presence of the observer, (2) it needs to be detected by the observer, (3) it needs to be recorded, and (4) it will usually need to be classified either immediately or post-hoc, (5) then analysed in order to reach a higher level of understanding (figure 1). The specificity of the metric, the method of data recording, the classification scheme, the skill, background and training of the observer, and the nature and tempo of work environment will all affect the reliability of the data collected.
Observer background and skills
Observers are not mute, asocial, disengaged data collection instruments functioning independently of clinical context and social interactions, but respond to social and situational factors. Indeed, they frequently use a broad range of contextual cues to make judgements that arrive at observations that can be analysed. Carthey 19 offers a detailed exploration of the selection, development and training, which will not be covered here. The background, training and experience of the observer in the clinical context being studied, the observational methodology being deployed, and theoretical perspective being explored affect the quality of the observations. Local or professional biases can be addressed with pairs of observers (a context expert and a theoretician), by employing post-hoc critiques to observational data, or by asking participants to comment on their observed behaviours (which video-reflexive methodology takes further by using participant feedback as the intervention). At the very least, a period of obtaining and demonstrating a sufficient level of contextual, theoretical and observational expertise should be part of the design of the observational methodology.
Sampling
Events of interest need to occur that have some aspect of observability. Some concept of the natural incidence of the event needs to be already understood in order for the observer to be present to capture it. This may mean being present for a significant time prior to the events to ensure reliable capture and to establish some context for observations, however limited. This event then needs to be perceived by the observer above the 'noise' of otherwise normal system function. The clearer the ability of the observer to detect signal from noise, the more reliable capture will be, while overspecificity may exclude data of interest. Frequency, predictability and repetition of the event of interest affect the response bias, and thus the likelihood of perception and consequent recording.
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Recording
A 'check box' system 36 can be quick and easy to employ, but has all the risks associated with a 'thin' design, Figure 1 The observation process.
Viewpoint
system is a 'thicker' approach that still allows quantification of prespecified events 13 but might also allow post-hoc analysis and retention of some of the complex contextual richness of the observations. During high-tempo events, the observer will need to manage the requirements for data recording with their ability to observe unfolding events, resulting in reliability and validity variations between high-tempo and low-tempo periods. It may also be those high-tempo periods that provide the most insight into unstable or unsafe system function, and that present deviations from a norm that a 'thin' methodology would not capture.
Recording results straight to an electronic device such as a tablet alleviates the need to input data later, but is limited by an a priori specific data collection scheme. Tablets may not be ideal for making freehand notes or diagrams or descriptions of observed event, are limited by battery life, and can be uncomfortable to use for long periods while standing. This often makes paper the recording medium of choice because it is reliable, robust, compact, discreet, fast and highly adaptable, despite the necessary collation of data after the observation session.
Coding
Ideally, a coding scheme should be explicitly defined, independent of context, exhaustive, mutually exclusive and easy to record. 37 While a greater number of categories can provide more detail or specificity, the learning curve for the observer will be steeper the greater the number of categories and the more overlap they have. This can make classification schemes particularly prone to iteration during methodological development. Post-hoc classifications may allow more complex coding schemes, but need sufficient descriptive notes at the observation stage to ensure appropriate representation at the classification stage. Indeed, since context is not independent of observations (rather, it is a necessary part), the ideal of a coding scheme independent of context is arguably impossible to achieve, while post-hoc interpretations may sometimes miss the context in which the original observation was made. Once again, high specificity ('Thin') or numerical focus alone may lose important context information, whereas lower specificity and multiple dimensions of interest ('Thick') may place greater demands on the observer. Consequently, this should be carefully considered during pilot studies and observer training.
Analysis
When approaching analysis, it is important to consider the following: (1) how the observational method may have changed over the course of the study, (2) how the observer(s) may have changed, (3) how the research question may have changed, and (4) the role of the observer and their experience on the observations. A drift from single to multivariable data collection requires a more complex analytical model of system function than may have originally been planned. This model will be directly informed by the experiences of the observer (eg, 'in measuring the effect of our intervention on outcome measure X, observers found that Y, and in some instances, Z might have confounded our results and thus needed to be taken into account'). The immersion of the observer in the work context will position them to speculate on the meaning and analysis of the data in a way that pure numbers may not reflect. Variability is a necessity of healthcare delivery, so interventional studies in particular may confuse genuine improvements with increased adherence to a process; or may simply reflect the response of the study population to what is being measured, rather than improved quality or safety. Understanding the qualities of measured data is fundamental to establishing their meaning, impact and underlying causes, and may also lead to stories or clinical examples that can be more powerfully convincing than data alone. In multiple studies in surgery, surprising near-miss safety events were observed that were not the focus of the study but were important findings with the broader context of surgical safety, and thus formed the subsequent analytical approach and mechanistic hypotheses. 13 Consequently, utilising the experience of the observer in the interpretation of data yields a richer, more representative analysis, which may not be purely empirical, and yet is rarely reported.
Video-reflexive techniques-where participants view and respond to their own videos-can also be powerful. 15 38 39 Ostensibly a qualitative sociological methodology where video recordings are used as part of the intervention to help clinical teams to reflect on their own work, the active involvement of the 'observer' in video-reflexive studies is in the focus of the video (which is not fixed), in the subsequent feedback to staff, and in assisting staff with the selection and development of their own interventions. The observer thus works alongside the observed, and the video is not 'data' but the catalyst which enables change. This particular method overcomes many of the contextual, quantification, power-related and other challenges of observational research, although may not lend itself easily to replication, falsification, comparative or cost/benefit analyses, or the identification of deeper systems solutions.
obServer and obServed
It can be difficult to prepare for the visceral, emotive and existentially challenging nature of healthcare. Collecting observational data in clinical settings can be cognitively, physically, philosophically and emotionally challenging, especially since impartiality is required.
Viewpoint
Events can be traumatic even for staff. Working alone, in this complex experiential, moral, technical and emotional milieu, can be isolating. Any direct observation study needs to ensure that the observer has the appropriate support to address the range of personal and ethical challenges that they will face. Encouragingly, a growing cadre of publications and experienced observers are available for support that was not available a decade ago. 40 
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Interdependence
It may be expedient to keep the details of the study design opaque to staff, or it may be detrimental to transparency, participation and goodwill. The observer may be unwelcome, mistrusted or belittled. Alternatively, they may become close to one or more members of staff or patients whom they are observing. Units with ongoing conflicts will try to court observers to be partisan, requiring considerable diplomacy so as not to appear preferential or exacerbate tensions. Observers may be asked to help in peripheral clinical work-for example, running small errands or answering phones-which can affect the observations but is necessary to maintain the goodwill of the people they are observing.
Carroll 41 characterises these interdependencies as working 'outside' (ie, observing the team as an outsider with minimal interference, treating participants as objects of scrutiny), 'inside' (observing the team as one of their own, similar to participant observation or traditional ethnography) and 'alongside' (where the researchers and the researched, and the observations and the observed, are considered simultaneously). Planning of research strategies to support both the observed and the observer can help avoid many political, interpersonal and power-related challenges in observational designs.
Power dynamics
Observers can alter, or be altered by, power dynamics within a unit. Especially when observing safety-related events, being unable to help staff or patients can create feelings of powerlessness and frustration, and observers can feel implicated in accidents simply through this powerlessness. They can face criticism from their own colleagues for not reporting incidents or not taking a more active role in events, despite a range of practical barriers to doing so, the ethics of which are far from clear. Unwelcoming participants may be a reflection of a perceived shift or challenge to power relations within a team or organisation than a specific rejection of the observer or their research. Observers may also find themselves deliberately placed into a clinical situation to challenge a perceived power dynamic, which may be an entirely inappropriate perception (eg, 'go look at these people who are the problem'), requiring a difficult conversation with the study leader. While somewhat unpredictable, this needs to be carefully considered and managed, through design, observer training and in understanding the responses of staff to the presence of the observer.
Protection of human subjects
Meaningful results need to be balanced with appropriate voluntary, informed and consensual participation, confidentiality, and medicolegal protection. Given how data collection changes over the course of a study, it may not be possible to fully inform staff or patients of what will be collected-or at least it may be uncertain at the outset of the project. Furthermore, observational data may expose units or whole hospitals to criticism, with studies withheld by organisations because results appear to be unfavourable. If there have not yet been instances where an observational research project is used to inform medicolegal or disciplinary procedures, it seems likely this will eventually happen. The approach to these studies may need to be cocreated between scientists, those being observed, ethicists and patients. Establishing this dialogue early in the study design process and accepting there will be iterations will bring benefits.
concluSIonS
The progress from the initial 'work as imagined' state to understanding 'work as done' is a key part of developing an observational approach but is often overlooked or under-reported. In the pursuit of objectivity, it is not unusual to find a priori assumptions have been misleadingly simplistic; measures are not as definitive as initially hoped; necessary variation that invalidates the measurement; processes that are not as unreliable as suspected; measurement methods that do not translate from one unit to the next; or hypotheses that do not sufficiently represent an observed mechanism of effect. Studies often drift from 'Thin' designs, which can focus on a small number of specific metrics but may misrepresent complexity, towards more complex 'Thick' approaches, which might include a broader range of less well-defined quantitative and qualitative data, but may not be as statistically or methodologically definitive. Immersion of the observer within the workspace informs the hypothesis generation, measurement, interpretation and subsequent analysis. Consequently, observational approaches will often require the simultaneous iterative development of hypotheses, system models, metrics, methods, observer expertise and ethical protections. In table 1, we have summarised these considerations into a set of dimensions that broaden considerations for observational designs. Although this iterative process may be among the most substantive, labour-intensive and content-rich parts of a study-and regularly continues throughout-it is rarely reported systematically. We Viewpoint hope this will encourage improved designs, more detailed reporting and extended methodological considerations in the future.
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Study drift
Initial study designs are often based on a simplistic understanding of work; failure to adapt may misrepresent the work, while drifting towards a 'thicker' more representative model may change the research questions or invalidate previous data. Observational methodology
Observer background and skills
The skills, background and experience of observer(s) will reflect their ability to understand, record and interpret observations. Observer training and evaluation prior to the main data collection are essential. Sampling
Frequency, predictability and repetition of the tasks to be studied define how easily meaningful data will be collected. Highly variable processes will require a greater sample size. Rare events may need to be captured over long periods.
Recording
Highly structured recording is quicker but note taking offers more flexibility in analysis and interpretation. The tempo of events and recording demands need to be balanced. Recording to an electronic device may help data management, but may not be as robust or discrete.
Coding
Coding systems require a balance of breadth and depth. Coding can occur at the time of observation, or post-hoc if sufficient detail is retained. Analysis
The experience of the observer is an essential part of the analysis. The adaptations made to the design over the course of the study should also be carefully considered as part of the analysis. Intervention effects may be due to the observation. Observer and observed Interdependence Observers need to be sensitive to operational needs, may not be welcomed, and events observed can be traumatic. The observer can work with, collaborate with, or be as far as possible separate from, those being observed.
Power dynamics
Observation can affect and be affected by a variety of power dynamics within the study environment. Sensitivity and planning will help reduce these issues. Protection of human subjects Observation falls outside traditional medical ethical guidance. How and when should an observer intervene, and what is the medicolegal status of observer and their data?
